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Objective: To describe in detail the health-related physical 
fitness of adolescents and young adults with cerebral palsy, 
compared with able-bodied references, and to assess differ-
ences related to Gross Motor Functioning Classification Sys-
tem (GMFCS) level and distribution of cerebral palsy.
Design: Cross-sectional.
Subjects: Fifty ambulatory persons with spastic cerebral 
palsy, GMFCS level I or II, aged 16–24 years. 
Methods: Physical fitness measures were: (i) cardiopul-
monary fitness by maximal cycle ergometry, (ii) muscle 
strength, (iii) body mass index and waist circumference, (iv) 
skin-folds, and (v) lipid profile. 
Results: Regression analyses, corrected for age and gender, 
showed that persons with bilateral cerebral palsy had lower 
cardiopulmonary fitness and lower hip abduction muscle 
strength than those with unilateral cerebral palsy. Compari-
sons between persons with GMFCS levels I and II showed 
a difference only in peak power during cycle ergometry. 
Cardiopulmonary fitness, hip flexion and knee extension 
strength were considerably lower (< 75%) in persons with 
cerebral palsy than reference values. 
Conclusion: The distribution of cerebral palsy affects fitness 
more than GMFCS level does. Furthermore, adolescents 
and young adults with cerebral palsy have reduced health-
related physical fitness compared with able-bodied persons. 
This stage of life has a strong influence on adult lifestyle, 
thus it is an important period for intervention.
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INTRODUCTION
Cerebral palsy (CP) describes a group of disorders of movement 
and posture that are attributed to non-progressive disturbances 
in the developing brain (1). Movement and posture problems in 
CP include walking and balance, gross and fine motor control, 
and muscle spasticity (2). These problems may lead to impair-
ments in physical fitness and physical activity levels in persons 
with CP (3, 4). Reduced physical fitness and physical activity 
can interact to cause a cycle of de-conditioning: low physical 
fitness might result in high physical strain during activities of 
daily living (ADL) (5, 6), possibly leading to a reduction in 
activity, and, consequently, further decreasing physical fitness. 
Moreover, physical fitness is known to contribute to health and 
quality of life of persons with chronic conditions (7). 
Improving physical fitness during adolescence is important, 
because at this stage many changes influence adult lifestyle 
(8). Moreover, childhood fitness and habitual participation in 
activity track into adulthood (9). Knowledge of health-related 
physical fitness at this age can help in optimizing recommenda-
tions and treatments to improve physical fitness in adolescents 
and young adults with CP. Furthermore, by comparing physical 
fitness between subgroups with specific CP characteristics, re-
commendations and treatments to improve physical fitness can 
be further optimized and tailored to a person’s characteristics.
Caspersen et al. (10) defined several health-related components 
of physical fitness, including cardiopulmonary fitness, muscle 
strength and body composition. In addition, lipid profile is an 
important objective indicator for the risk of cardiovascular dis-
ease (11). We found 7 previous studies describing health-related 
physical fitness components in adolescents and young adults with 
CP (12–18). Most of these studies focus on only one component, 
e.g. cardiopulmonary fitness (12–15), muscle strength (16) or 
body composition (17). One study assessed both cardiopulmo-
nary fitness and body composition (18). To our knowledge there 
has been no study of lipid profiles in adolescents and young 
adults with CP. Furthermore, the sample sizes in the previous 
studies were small (range 5–19), and the study groups were 
heterogeneous with regard to level of motor functioning (19). 
Moreover, most of the studies were old (date range 1976–2003) 
(12, 13, 15, 17, 18), with 4 of the 7 studies being over 20 years 
old. The approach to paediatric rehabilitation has changed and 
developed over the years, and this may have influenced current 
physical fitness levels in adolescents and young adults with CP 
(2). The goal of the present study was therefore to describe in 
detail the health-related physical fitness of adolescents and young 
adults with spastic CP aged 16–24 years. Multiple components of 
health-related fitness were assessed, including cardiopulmonary 
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fitness, muscle strength, anthropometric measures, skin-folds 
and lipid profile. Data were compared with reference values for 
able-bodied persons, and differences were explored within the CP 
group related to gross Motor Functioning Classification system 
(gMFCs) (20) and distribution of CP. 
METHODs
Participants
Ambulatory adolescents and young adults with spastic unilateral or 
bilateral CP, aged 16–24 years, were recruited from 6 rehabilitation 
centres and rehabilitation departments at university hospitals through-
out the western and central regions of The netherlands, and by the 
Association of Physically Disabled Persons and their Parents. 
This study is a retrospective cross-sectional analysis, as part of the lon-
gitudinal, multi-centre, randomized controlled trial Learn2Move, which 
evaluates an intervention that aims to promote daily physical activity 
and sports participation, reduce sedentary behaviour, and improve physi-
cal fitness among adolescents and young adults with spastic CP (21).
Exclusion criteria were: (i) disabilities other than CP that affect 
physical activity or cardiopulmonary fitness; (ii) contraindications to 
(maximal) exercise; or (iii) severe cognitive disorders or insufficient 
comprehension of the Dutch language. All participants provided writ-
ten informed consent. The study was approved by the medical ethics 
committee of the Erasmus Medical Center and local approval was 
granted by all participating centres. 
Procedures
Data collection was carried out at 3 different centres using consistent 
testing protocols. In the present study, baseline data of the longitudi-
nal study were analysed. All tests were performed on the same day, 
and sufficient rest periods were provided between the different tests. 
A rehabilitation physician screened subjects for contraindications to 
exercise and all participants completed the Physical Activity Readi-
ness Questionnaire (22). 
Outcome measures 
The health-related physical fitness outcome measures were: (i) cardio-
pulmonary fitness; (ii) muscle strength; (iii) anthropometric measures, 
including body mass index (bMI) and waist circumference; (iv) skin-
folds; and (v) blood lipid profile.
Cardiopulmonary fitness. All participants performed a maximal exercise 
test consisting of a progressive ramp protocol (23) on electronically braked 
cycle ergometers (Jaeger ER800, Jaeger Toennies, breda, The netherlands 
or Corival V2 Lode b.V., groningen, The netherlands). The test started 
with a 3-min warm-up without resistance. After this warm-up period, 
the resistance was increased every 12 s in steps of 2–6 W, depending on 
gMFCs level and gender. The target pedal rate during the test was 60–70 
rpm. Participants were verbally encouraged to continue as long as possible. 
The test ended when the participant stopped voluntarily due to exhaustion 
or when they were unable to maintain the target pedal rate. During the 
test, gas exchange and heart rate (HR) were measured continuously. Two 
comparable breath-by-breath analysis systems were used in the different 
centres (Oxycon Pro, Viasys Healthcare, Houten, The netherlands; and 
Quark CPET system, Cosmed, Rome, Italy). The highest mean oxygen 
uptake over a period of 30 s was defined as VO2peak. VO2peak was expressed 
in l/min and in ml/[kg•min] and as a percentage of the reference values of 
Jones et al. (24), taking into account gender, age, height and body mass. 
Furthermore, peak ventilation (VEpeak), ventilatory equivalent ratio for 
oxygen (VEpeak/VO2peak), and highest power output (POpeak) for a period 
of 30 s were determined. In addition, ventilatory anaerobic threshold 
(VAT, in l/min and %VO2peak) was estimated by the ventilatory equivalent 
method (25): when VE/VO2 and the end-tidal O2 partial pressure (PETO2) 
increased while the ventilatory equivalent for CO2 (VE/VCO2) and end-
tidal CO2 partial pressure (PETCO2) remained stable. 
In addition, HRpeak and peak respiratory exchange ratio (RERpeak) 
were determined and used as objective criteria for maximal exercise, 
set at HRpeak ≥ 175 bpm (90% of predicted maximum HR) (26) or 
RERpeak ≥ 1.1 (27). When these criteria were not met, the results of 
the maximal exercise test were excluded. 
Muscle strength. Muscle strength of the hip flexors, hip abductors and 
knee extensors was measured with a hand-held dynamometer (Micro-
Fet, Hoggan Health Industries Inc., West Jordan, uT, usA) using the 
“break” method (28). The dynamometer applicator was held against 
the distal part of the limb segment, and participants were asked to 
exert their maximum force against it. When maximum was reached the 
examiner applied sufficient resistance to overcome the force exerted by 
the participant. both the left and right sides were measured 3 times, 
with 1 min rest in between. The mean value of the 3 repetitions was 
determined. The leg with the highest muscle strength was categorized 
as the stronger leg, and the other leg as the weaker leg. The mean 
muscle strength of both legs was compared with able-bodied Dutch 
reference values for muscle strength, measured with the break testing 
method in a group of 16-year-olds (29). 
Anthropometric measures. Height (cm) and body mass (kg) were 
measured, and bMI, kg/m2 was determined. Waist circumference (cm) 
was measured mid-way between the lowest rib and the iliac crest while 
standing. For bMI and waist circumference, Dutch reference values for 
persons aged 30–39 years from the project “nLdeMaat 2009–2010” were 
used (30). similar to the general population, a bMI < 18.5 was considered 
underweight, ≥ 18.5 and < 25 normal weight, ≥ 25 and < 30 overweight, 
and ≥ 30 obese. In males, waist circumference was categorized as: < 79 
cm underweight, ≥ 79 and < 94 cm normal weight, ≥ 94 and < 102 cm 
overweight, and ≥ 102 cm obese. In females, waist circumference <68 
cm was considered underweight, ≥ 68 and <80 cm normal weight, ≥ 80 
and < 88 cm overweight, and ≥ 88 cm obese.
Skin-folds. The thickness of 4 skin-folds (biceps, triceps, subscapular 
and suprailiac) was measured twice on the left side of the body with 
a Harpenden calliper (burgess Hill, uK), and mean values were 
determined (31). 
Lipid profile. non-fasting blood samples were taken, and total serum 
cholesterol (TC), high density lipoprotein cholesterol (HDL) and TC/
HDL ratio were determined. TC and HDL are known to be minimally 
altered when measured in fasting or non-fasting blood samples (32, 
33). Dutch reference values for persons aged 30–39 years were used 
(30). TC was considered unfavourable when ≥ 6.5 mmol/l and HDL 
unfavourable when ≤ 0.9 mmol/l.
Statistical analyses
Participants’ characteristics and the components of health-related fit-
ness are presented as means (standard deviation; sD). Furthermore, 
mean values (sD) for subgroups regarding gMFCs level and distri-
bution of CP were determined. Regression analyses were performed 
to test whether there were differences in age and gender between the 
subgroups regarding gMFCs level and distribution of CP. To test 
for differences in health-related fitness between subgroups, separate 
linear regression models were made, all corrected for age and gender. 
statistical analyses were performed using sPss 20 (sPss Inc, Chicago, 
IL, usA). The significance level was set at p ≤ 0.05. 
Percentages of reference values were determined for VO2peak, mean 
muscle strength of both legs for hip flexion, hip abduction and knee 
extension, bMI, waist circumference, TC and HDL. VO2peak was pre-
dicted per person (24) and the measured VO2peak was expressed as a 
percentage of the predicted VO2peak. A paired t-test was used to test for 
differences between the measured VO2peak and the predicted VO2peak. 
For muscle strength, bMI, waist circumference, TC and HDL, the 
mean value of the participants with CP was expressed as a percentage 
of the reference mean. When values were found to be less than 75% of 
reference they were marked considerably lower. For VO2peak, and mean 
muscle strength of both legs we described the number of participants 
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with an outcome < 50% of reference and < 75% of reference. For bMI 
and waist circumference we described the number of participants in 
the following categories: underweight, normal weight, overweight and 
obese. For lipid profile, we described the number of participants with 
favourable and unfavourable outcomes. 
REsuLTs
A total of 55 adolescents and young adults with CP were 
measured for attributes of health-related physical fitness. Of 
these 55, only 5 were gMFCs level III. since this subgroup 
was small, we excluded these persons from further analyses. 
We included 50 participants with gMFCs levels I or II. 
Table I shows participants’ characteristics and their cardio-
pulmonary fitness and muscle strength. The distribution of CP 
was unknown in one participant. Participants with bilateral CP 
were significantly older than those with unilateral CP (p = 0.03). 
Results of the maximal exercise test are given for 41 partici-
pants. nine participants were excluded because they did not 
meet the objective criteria due to lack of motivation. Muscle 
strength data for 46 participants were available. Data for 4 
participants were missing either because a participant could 
not perform the test or for logistical reasons.
Corrected for age and gender, persons with gMFCs level 
II had significantly lower POpeak compared with persons with 
gMFCs level I (p = 0.02). When comparing persons with uni-
lateral and bilateral CP, corrected for age and gender, we found 
significant differences between groups for VO2peak, VEpeak, 
POpeak, HRpeak, and VO2peak/HRpeak. Furthermore, participants 
with unilateral CP had significantly higher hip abduction mus-
cle strength compared with persons with bilateral CP (p < 0.01). 
Table II shows the comparison with references for cardio-
pulmonary fitness and muscle strength. Mean VO2peak was 62% 
of reference, which was a significant difference (p < 0.01). Hip 










a 62 < 0.01* 30/41 16/41
Hip flexionb 65 33/46 16/46
Hip abductionb 85 19/46 6/46
Knee extensionb 65 33/46 13/46
*p ≤ 0.05.
aPer person the VO2peak was predicted according to Jones et al. (24). The 
measured VO2peak was expressed as % of the predicted VO2peak.
bThe mean of both legs was used for comparison with reference. Reference 
values of 16-year-olds. 
cA pair sampled t-test was used to test for differences between measured 
VO2peak and predicted VO2peak.
dParticipants in this category/Participants’ data available.
Table I. Participant’s characteristics, cardiopulmonary fitness and muscle strength, and differences related to the Gross Motor Functioning Classification 
System (GMFCS) level and distribution of cerebral palsy (CP) 
All 
gMFCs  Distribution of CP
I II p-valuea unilateral bilateral p-valuea
Participants’ characteristics 
Participants, n  50 30 20 28 21
Age, years, mean (sD) 20 (3) 20 (3) 21 (3) 0.35 19 (2) 21(3) 0.03*
Males/females, n  25/25 14/16 11/9 0.57 13/15 12/9 0.47
Cardiopulmonary, mean (sD)
Participants, n 41 24 17 23 17
VO2peak, l/min 2.46 (0.77) 2.57 (0.69) 2.30 (0.86) 0.06 2.66 (0.16) 2.20 (0.17) < 0.01*
VO2peak, ml/[kg/min] 35.08 (9.37) 35.85 (9.37) 34.00 (9.56) 0.35 37.01 (1.93) 32.15 (2.25) 0.05*
VEpeak, l/min 97.71 (32.68) 101.17 (32.61) 92.82 (33.13) 0.15 106.00 (30.46) 87.94 (33.98) 0.01*
VEpeak/VO2peak, l/min 40.04 (7.13) 39.47 (7.65) 40.84 (6.48) 0.55 40.27 (6.42) 40.11 (8.22) 0.92
VAT, l/min 1.62 (0.60) 1.65 (0.13) 1.58 (0.15) 0.34 1.69 (0.15) 1.54 (0.13) 0.14
VAT, %VO2peak 65.23 (13.24) 64.12 (2.54) 67.86 (4.27) 0.53 63.38 (2.88) 68.33 (3.52) 0.36
POpeak, Watt 180.37 (66.14) 195.21 (55.57) 159.41 (75.51) 0.02* 204.00 (14.35) 149.82 (12.34) < 0.01*
HRpeak 188.62 (12.34) 189.43 (11.90) 187.56 (13.22) 0.47 191.85 (8.55) 184.82 (15.08) 0.05*
HRpeak,% of predicted max 94.49 (6.55) 94.71 (6.19) 94.19 (7.20) 0.48 96.00 (4.82) 92.71 (7.92) 0.04*
VO2peak/HRpeak 13.14 (3.88) 13.79 (3.62) 12.29 (4.15) 0.07 14.32 (4.06) 11.77 (3.23) < 0.01*
RERpeak, VCO2/VO2 1.16 (0.09) 1.18 (0.09) 1.14 (0.07) 0.12 1.18 (0.10) 1.14 (0.07) 0.13
Muscle strength, mean (sD)
Participants, n 46 27 19 24 21
Hip flexion, strongest leg, n 238.79 (93.66) 249.23 (88.06) 233.95 (101.65) 0.19 246.12 (107.30) 229.77 (79.61) 0.29
Hip flexion, weakest leg, n 211.15 (88.73) 215.73 (79.81) 204.65 (102.01) 0.37 213.91 (97.69) 206.75 (81.70) 0.36
Hip abduction, strongest leg, n 246.50 (107.12) 252.10 (94.83) 238.54 (124.84) 0.53 282.05 (122.74) 209.41 (72.50) < 0.01*
Hip abduction, weakest leg, n 224.17 (95.68) 227.45 (87.59) 219.53 (108.48) 0.68 257.43 (104.72) 188.76 (72.09) < 0.01*
Knee extension, strongest leg, n 263.75 (105.06) 262.26 (102.86) 265.86 (110.93) 0.69 275.29 (131.09) 254.54 (66.87) 0.16
Knee extension, weakest leg, n 233.92 (101.88) 233.69 (81.83) 234.25 (127.58) 0.65 248.54 (129.22) 215.98 (59.37) 0.08
*p ≤ 0.05.
aRegression analyses studying differences in cardiopulmonary fitness and muscle strength between gMFCs level I and II and between unilateral and 
bilateral CP were corrected for age and gender.
sD: standard deviation; VO2: oxygen uptake; VEpeak: ventilation; VAT: ventilatory anaerobic threshold; PO: power output; HR: heart rate; RER: 
respiratory exchange ratio.
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flexion and knee extension strength were considerably lower 
than reference values (both 65% of reference value). 
The 9 persons who did not reach maximal exertion, due to lack 
of motivation, (3 males/6 females, 6 gMFCs level I/3 gMFCs 
level II) had a mean HRpeak of 165 beats/min (sD 6), RERpeak 
of 1.04 (sD 0.04), and VO2peak of 1.69 l/min (sD 0.45). Inde-
pendent t-tests showed that these 3 measures were significantly 
lower than those of persons who met objective criteria for 
maximal exercise (p < 0.01). The excluded persons did not 
differ significantly in terms of age (mean 19 years (sD 3)) and 
body mass (mean 59 kg (sD 9)).
Table III shows the results regarding anthropometric meas-
ures, skin-folds and lipid profile and results of the subgroup 
analysis. no significant differences on these outcomes were 
found between subgroups with different CP characteristics. 
Table IV presents comparisons of anthropometric measures 
and lipid profile with reference values. Mean bMI and mean 
waist circumference were comparable to references. According 
to bMI, 6% of participants (3 out of 50) were underweight, 
compared with 0.9% of the reference sample. sixteen percent 
of participants (8 out of 50) were overweight, compared with 
21% of the reference sample. Furthermore, 12% (6 out of 
50) had a bMI indicating obesity, compared with 10% of the 
reference sample. Waist circumference indicated obesity in 
24% of males (6 out of 25), compared with 12% of the refer-
ence sample, and in 24% of females (6 out of 25), compared 
with 26% of the reference sample. none of the 23 persons 
had unfavourable TC, compared with 8.5% of the reference 
sample. Two out of 23 participants (8.7%) had unfavourable 
HDL, compared with 7.9% of the reference sample. Twenty-
one blood samples were missing.
DIsCussIOn
This is the first study describing multiple aspects of health-
related physical fitness in a substantial sample of ambulatory 
adolescents and young adults with spastic CP (gMFCs levels 
I and II). Distribution of CP (unilateral vs bilateral) seems to 
affect physical fitness more than gMFCs level (I vs II) does. 
Persons with bilateral CP had lower cardiopulmonary fitness 
and lower hip abduction muscle strength compared with per-
sons with unilateral CP. Persons with gMFCs levels I and II 
had almost comparable outcomes, except on peak power output. 
Compared with able-bodied references, cardiopulmonary fit-
ness, hip flexion strength, and knee extension strength were 
considerably lower (< 75%) in adolescents and young adults 
with CP (gMFCs levels I and II). Proportions of participants 
classed as overweight or obese were comparable to references, 
except for the larger waist circumference found in males. 
Almost all outcomes for lipid profile were favourable with 
respect to norm values. 
Although the approach to paediatric rehabilitation has 
evolved over the past decades, the results for cardiopulmonary 
fitness in the present study are comparable to those in stud-
Table III. Anthropometric measures, skin-folds and lipid profile, and differences related to Gross Motor Functioning Classification System (GMFCS) 
level and distribution of cerebral palsy (CP)
All 
gMFCs Distribution of CP
I II pa unilateral bilateral pa
Anthropometric measures, mean (sD)
Participants, n 50 30 20 28 21
body mass, kg 69.60 (17.88) 71.35 (20.08) 66.99 (14.05) 0.25 71.92 (18.35) 67.25 (17.41) 0.16
body mass index, kg/m2 23.71 (4.85) 24.33 (5.46) 22.78 (3.71) 0.27 24.42 (5.19) 23.00 (4.34) 0.33
Waist circumference, cm 84.30 (14.04) 84.17 (14.67) 84.50 (13.42) 0.98 84.54 (14.29) 84.57 (14.12) 0.91
sum of skin-folds, mean (sD) 68.58 (28.80) 69.98 (31.28) 66.48 (25.24) 0.75 72.97 (29.70) 63.88 (27.60) 0.34
Lipid profile, mean (sD)
Participants, n 23 16 7 11 12
Total cholesterol, mmol/l 4.29 (0.62) 4.25 (0.60) 4.39 (0.71) 0.74 4.39 (0.67) 4.20 (0.58) 0.44
HDL, mmol/l 1.37 (0.31) 1.41 (0.32) 1.27 (0.26) 0.68 1.46 (0.29) 1.28 (0.31) 0.11
TC/HDL ratio 3.29 (0.85) 3.18 (0.93) 3.53 (0.63) 0.83 3.12 (0.78) 3.44 (0.92) 0.33
*p ≤ 0.05.
aRegression analyses were corrected for age and gender.
sD: standard deviation; HDL: high-density lipoprotein cholesterol; TC: total cholesterol.
Table IV. Anthropometric measures and lipid profile compared with reference
% Referencea underweightb, n normal weightb, n Overweightb, n Obeseb, n
bMI 96 3/50 33/50 8/50 6/50
Waist circumference 97 11/50 22/50 5/50 12/50
Favourableb, n unfavourableb, n
Total cholesterol 87 23/23 0/23
HDL 85 21/23 2/23
aReference values of persons aged 30–39 years.
bParticipants in this category/participants’ data available.
bMI: body mass index; HDL: high-density lipoprotein cholesterol.
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ies performed 30 years ago (12, 13, 15). This suggests that 
there is a need to change the approach, or that more attention 
should be paid to physical fitness in young persons with CP. 
Adolescence and young adulthood is a critical stage of life 
with great influence on adult lifestyle, and this may therefore 
be an important period for intervention. Previous research in 
children with CP has shown that exercise programmes focusing 
on lower extremity muscle strength, cardiovascular fitness, or 
a combination of these, lead to increases in cardiopulmonary 
fitness and muscle strength (34, 35). In maintaining a favour-
able level of physical fitness, there is initial evidence that 
behavioural interventions are of added value (36). Further 
longitudinal studies on the effects of such interventions on 
health-related physical fitness are necessary. 
Hip flexion and knee extension strength were considerably 
lower (< 75%) in participants with CP compared with reference 
values. Mean hip abduction was 85% of the reference value. 
However, persons in the bilateral subgroup had significantly 
lower hip abduction strength than those with unilateral CP. 
Therefore, attention should be paid to hip abduction muscle 
strength in persons with bilateral CP. The comparison of 
muscle strength with reference values must be regarded with 
caution, since values were available only for 16-year-olds, 
possibly leading to an overestimation of the percentage of 
reference values (29), since it is known that muscle strength is 
still developing at that age. However, no reference values for 
these 3 muscle groups measured with the break testing method 
were available for the age range 16–24 years. It is difficult to 
compare our results with the results of a previous study of 
adolescents with CP, because the earlier study used a different 
method: electromyography while seated in an adjustable chair, 
strapped in a fixed position (16). 
based on bMI, the number of participants categorized as 
overweight or obese was comparable to reference values. How-
ever, regarding waist circumference, 6 out of 25 males had a 
waist circumference indicating obesity, which is a propensity 
twice as high as the reference value. There were also 6 out of 25 
females with a waist circumference indicating obesity. However, 
the propensity to obesity in the reference female population 
was comparable. Comparisons with reference values should 
be interpreted with caution, since the reference population was 
somewhat older (age range 30–39 years). Further research should 
compare persons with CP with sex- and age-matched able-
bodied controls. Mean outcomes on anthropometric measures 
were comparable to those in previous studies in adolescents and 
young adults with CP (17, 18). A bMI indicating underweight 
was found in 2 persons with gMFCs level I, and in 1 person 
with gMFCs level II. Three out of 50 is a higher propensity for 
underweight compared with reference. However, although the 
propensity was higher it only included 3 persons, and therefore 
further research is necessary. bMI should be interpreted with 
caution, since bMI in persons with CP has been reported to be 
less valid than in able-bodied persons (37, 38).
This is one of the first studies to assess lipid profiles in a group 
of high-functioning adolescents and young adults with CP. The 
results indicate that, both at the group and individual levels, 
there is no indication for increased cardiovascular risk based on 
lipid profile for persons with gMFCs level I and II at this age. 
This is in line with the results of a previous study in adolescents 
(9–16 years) with CP, which concluded that arterial health was 
not different from that of a control group (39). In a study of 
adults with bilateral CP (age range 25–45 years) lipid profile was 
slightly less desirable than in the present study (40). There is a 
limitation in power when studying subgroup differences in lipid 
profile when correcting for both age and gender in the analyses, 
since data for only 23 persons were available. Furthermore, larger 
amounts of data for females were missing, partly explained by a 
larger proportion of females who did not give consent for taking 
a blood sample. Therefore, our sample is limited to data for only 
6 females. More research, especially longitudinal studies, on this 
important indicator for cardiovascular disease, is required. Fur-
thermore, it would be interesting to study the correlation between 
lipid profile and other health-related physical fitness measures. 
A significant difference was found in age between our sub-
groups of persons with unilateral CP and bilateral CP. However, 
the difference in the mean age of persons with unilateral CP 
and bilateral CP was only 2 years (mean ages of 19 and 21 
years). This difference of 2 years is not likely to have a large 
influence on physical fitness. Moreover, we corrected for age 
in our regression analyses. Although this is a limitation of our 
study, we believe that this difference in characteristics did not 
influence our conclusions. 
The present results are limited to the description of health-
related physical fitness of ambulatory adolescents and young 
adults with gMFCs levels I and II. Further research in persons 
with gMFCs levels III and IV is necessary. Furthermore, 
criteria for maximal exercise were not met by 9 participants; 
however, since their gMFCs level, age and weight were com-
parable to the group that did meet the criteria, their exclusion is 
thought to have had minimal influence on the generalizability 
of the results. skin-fold thickness was measured on the left side 
of the body. However, regarding the asymmetry of topography, 
it is possible that an impaired side would not have the same 
anthropometric features as a non-impaired side. 
Ambulatory adolescents and young adults with CP have im-
paired cardiopulmonary fitness, hip flexion and knee extension 
strength. Fitness outcomes in persons with bilateral CP were 
lower than those with unilateral CP. This stage of life has a great 
influence on adult lifestyle, and therefore may be an important 
interventional period for interventions regarding physical fitness. 
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